At the Drug Safety Research Unit in the UK we are now moving towards a more targeted safety surveillance known as Modified PEM (M-PEM). These studies combine the advantages of conventional PEM studies (in monitoring general safety and identification of unexpected risks of a medicine) with that of a more targeted safety study that addresses specific questions (to better understand known or partially known risks with a medicine). Through the use of enhanced data collection questionnaires, M-PEM expands the range of applications of conventional PEM, which include more detailed characterization of real-life drug use, adherence to prescribing recommendations and targeted analysis of events requiring special monitoring by regulatory authorities. A particularly useful application is the evaluation of the safety of a medicine in special populations or subgroups (e.g. patients switching from another therapy or patients with a particular risk factor) or following important changes in the product's lifecycle (e.g. a licensing or formulation change). M-PEM studies therefore have an important contribution to make to pharmacovigilance and the risk management of medicines by providing valuable information on the use of new medications under real-life situations.
PRACTICAL APPLICATION
At the time of marketing, there may be unanswered questions regarding the safety of a medicine because it is not possible to identify all possible risks for all possible users during the drug development programme. The first suspicions of uncommon or rare safety concerns may come from routine pharmacovigilance either through spontaneous reporting or other complementary bespoke postmarketing surveillance systems, such as Prescription-Event Monitoring (PEM). [1] PEM is a prescription-based monitoring system that we have used at the Drug Safety Research Unit (DSRU) in the UK for many years. A similar scheme operates at the Intensive Medicines Monitoring Programme in New Zealand and pilot studies using similar methodology have been introduced in Japan and some African countries. [2] [3] [4] Here, we report on the evolution of PEM at the DSRU into a new 'Modified PEM' methodology and its wider application as a pharmacoepidemiological tool for risk management and within pharmacovigilance.
The Process of Prescription-Event Monitoring (PEM) [in England]
PEM uses a non-interventional observational cohort design to provide active surveillance of targeted medicines on a national scale in England. Data collection begins immediately postmarketing and thus provides 'real-world' clinical data for the first cohorts of patients prescribed the medicine of interest in the community. Identification of these patients relies on data from dispensed National Health Service (NHS) prescriptions provided to the DSRU, securely under long-standing arrangements, by a central NHS prescription processing centre, known as the NHS Prescription Services.
For each patient identified, a questionnaire is sent by post (according to chronological order of prescription issue date) to the prescribing primary-care general practitioner (GP) until the target sample size (usually 10 000 patients) is achieved. Historically, this questionnaire was designed to be simple in order to expedite data collection to enhance surveillance and encourage response, given there was no remuneration for completion.
The questionnaire requests data on patient demographics (age, sex), prescribing information and details of all significant events that have been recorded in the patient's medical records during a specific time period after starting the PEM study drug, usually between 6 and 12 months. Within the NHS structure, all individuals are registered with a primary-care GP. Medical records held by the GP are generally lifelong, transferable when a patient relocates, and include information on healthcare consultations and interventions provided by both primary and secondary care.
In addition to providing valuable drug utilization information for new medicines, PEM provides estimates of incidence rates for events reported in the exposed cohort, and also provides the opportunity for further clinical evaluation of selected events of interest using bespoke follow-up questionnaires. The DSRU has completed 109 PEM studies to date with a median cohort size of 11 680 patients (interquartile range 8670-13 632). A wide range of drugs have been studied, including agents to treat hypertension, angina, asthma, chronic obstructive pulmonary disease, diabetes mellitus, epilepsy, depression, schizophrenia and urinary incontinence. A number of important safety issues have been studied, including serious cardiovascular events with erectile dysfunction drugs, [5, 6] deep vein thrombosis with the oral contraceptive Yasmin Ò (Bayer plc, Newbury, Berkshire, UK) [7] and serious skin reactions with selective cyclooxygenase 2 inhibitors.
[8]
Modified PEM (in England)
PEM is perhaps traditionally regarded as a general safety surveillance method used to generate or further evaluate safety signals of uncommon or rare outcomes. In recent years, in parallel with pharmacoepidemiological developments in general and the emergence of the requirements for risk management of medicines, a number of enhancements have been made to the study questionnaire to facilitate more targeted safety surveillance. This has led to the evolution of 'Modified PEM' (M-PEM) studies. The customized questionnaires used in M-PEM studies are designed to collect relevant supplementary information in order to e2 Layton et al.
perform more detailed exploration of specific safety issues. In M-PEM, the underlying process remains the same as in conventional PEM (figure 1). As described in the following subsections, this retains the strengths of the conventional method but also tries to overcome some of its limitations.
Early User and Incept Cohort Design
Prescription data collection for both PEM and M-PEM begins immediately after the new drug has been launched and covers the national population in England. Hence, patient cohorts can be accrued rapidly and provide the opportunity to detect safety issues as early as possible after market launch, a fundamental principle in pharmacovigilance. The cohort is also regarded as an inception cohort (where study drug is a new entity) or a new user cohort (e.g. where the drug under study might be a new formulation or new indication). Here, the observation period begins as soon as the patient starts the medication, which is particularly important if the risk of an event is higher in the early period after starting therapy. Some observational study designs have been criticized for the inclusion of patients who have been using the study drug for some time prior to the start of the observation period ('prevalent users') due to the risk of under-estimation of early-onset events. [10] An advantage of an inception cohort is that potential confounding DSRU notifies NHS Prescription Services of study drug under surveillance DSRU receives data from dispensed NHS prescriptions issued in England by GPs from the date of market launch M-PEM questionnaires sent to GPs (e.g. ≥3/6/12 months after first primary-care prescription issued for patient)
Information requested on questionnaire includes baseline demographic and general health data, e.g. body mass index; causes of death if died; study drug treatment start date and starting dose details; indication and duration of indication; first initiation-responsible clinician and setting; co-morbidities at treatment initiation and new onset events 1 during/after treatment; other selected medication use within pre-defined period prior to starting and during treatment; study drug treatment stop date and reasons for stopping M-PEM questionnaires returned, scanned, reviewed and data entered into DSRU database
Selected events of medical interest, suspected adverse drug reactions, deaths (where cause not known) and pregnancies followed up [9] ). DSRU = Drug Safety Research Unit; GPs = general practitioners; NHS = National Health Service. 1 The term 'event', as used in this study, is defined as ''any new diagnosis, any reason for referral to a consultant or admission to hospital, any unexpected deterioration (or improvement) in a concurrent illness, any suspected drug reaction, any alteration of clinical importance in laboratory values, or any other complaint that was considered of sufficient importance to enter into the patient's notes''.
factors can be measured before treatment starts and adjusted for in subsequent statistical analysis. Unlike PEM, the M-PEM questionnaires can offer greater scope to collect this baseline data.
Generalizability
In PEM and M-PEM, all GPs who have prescribed the study drug are eligible for inclusion, thus the system samples from all GPs in England. This wide coverage aims to provide a cohort that is representative of not only the whole population of patients who are registered with an NHS GP in England but also patients who take the study drug in the early postmarketing period. The cohort, however, may be biased by phenomena such as 'channelling' [11] (preferential prescribing to subsets of patients defined by specific characteristics, such as having a condition that is resistant to previous therapy) or 'switching' (past experience with an alternative drug may modify the risk of adverse events associated with current use of the study drug). [12] These may affect the generalizability of the study results since the study cohort may not be fully representative of the target study population. In M-PEM, whilst prescribing patterns of a new drug cannot be predicted or controlled for, the issues of channelling or influence of previous therapy can be examined through careful data capture and provide a better understanding of the cohort characteristics and the population to whom the results may be applicable.
An important limitation of PEM is that only a proportion of questionnaires are returned. Nonresponse bias, a form of sampling bias, becomes important if the characteristics of the study cohort are different from those of the non-responders, especially if response itself is correlated in some way with one or more study variables. For example, there may be a 'depletion of susceptibles' [13] if GPs selectively respond for those patients who tolerate and continue to use the drug. The reverse is also possible whereby GPs may be more likely to respond if patients have experienced adverse events with a new medicine. The extent to which this affects the study results remains unknown since non-response bias is not easily measured. Furthermore, predicting a simple linear relationship between response rate and non-response bias is not straightforward. [14] GPs are offered a modest reimbursement to cover administrative costs in recognition of the increased time spent completing the more detailed M-PEM questionnaires. In M-PEM studies carried out to date where GPs receive this financial reimbursement, the median response rate has been 64% 1 compared with approximately 50% in 'standard' PEM studies.
Enhanced Data Quality
The M-PEM questionnaire, whilst retaining the ability to provide general safety surveillance by collecting simple data on all events, collects more detailed information on outcomes (including specific events that comply with pre-specified case definitions), drug exposure and other relevant disease risk factors at the start of treatment. This improved data accuracy and quality reduces the possibility of information bias through misclassification.
Increased Scope for Analysis and Hypothesis Testing
PEM is a simple, single-group cohort design where subjects have been assembled based on a common exposure (the particular medication under surveillance). Compared with the 'classic' cohort design with multiple exposure groups, it is more efficient in terms of resources, but the absence of data on an unexposed comparator can, in some cases, be a limitation. To attempt to address this, it is possible to undertake calculations of measures of effect (relative risks) for internal comparisons between subgroups defined by particular characteristics, or external comparisons to carefully selected data sources. In conventional PEM, the scope for this analysis is limited to crude estimates since information cannot be collected on all important confounding factors for all outcomes because of the nature of the simple questionnaire design balanced with no remuneration to respondents. In M-PEM, additional information is collected for all patients within the cohort regarding relevant co-morbidities and other potential confounding factors, which can, through statistical modelling techniques, provide adjusted measures of effect for selected outcomes.
The bespoke M-PEM questionnaire also offers greater scope for analysis within the cohort using self-controlled methodology that helps control for within-subject change in disease severity as well as reducing between-group differences. This approach includes comparisons of particular outcomes 'before and after' starting the study drug using a repeated measures matched pair analysis, [15] or using the self-controlled case-series analytical technique (SCCA) [16] to calculate effect measures for outcomes of interest. The 'before and after study' is particularly useful when monitoring the safety of a new formulation of an existing product. The SCCA is not applicable to all outcomes but it has advantages in that it requires time-varying co-variate data on cases only and not for the whole cohort and is thus efficient in terms of sample size and resources.
Sample Size
In conventional PEM studies, the sample size of 10 000 has been driven by PEM's original objective to bridge the gap between randomized controlled trials and spontaneous reporting regarding sensitivity to rare and uncommon events that can be achieved by including a larger sample size than pre-marketing studies. Based on the general 'rule of 3', 2 it follows that the larger the sample size, the rarer the event that can be detected. [17] Because of the customized nature of M-PEM studies, a specific sample size is calculated depending on the research question of interest. This is advantageous in terms of study conduct and limiting costs particularly when the projected usage of the product is low, but is at the expense of the sensitivity to detect signals for rarer outcomes.
Contribution of Modified PEM to Pharmacovigilance
In the EU, when a marketing authorization for a new medicine or a new indication, new formulation or use in a new population of an existing medicine is submitted for regulatory approval, a 'Risk Management Plan' with regards to the safety of the product is required. [18] This document outlines plans to enhance or further clarify the safety profile of the product by means of postmarketing pharmacovigilance methods. PEM is included within EU regulatory guidelines as a pharmacoepidemiological method that can be used in postauthorization safety studies. [18] In contrast to alternative data sources, such as those primarily designed for medical insurance claims or prescription reimbursement, PEM is a bespoke research tool that combines both retrospective and prospective aspects in that previous history can be studied, as well as providing opportunities for following up subgroups of patients of interest in a prospective manner. Because of wide recruitment in PEM, the cohort size relates to the uptake of the new product (or new indication, formulation, etc.); thus, cohort accrual is likely to be faster and larger than in postmarketing clinical trials or existing longitudinal medical records databases that sample from a subset of the population. Furthermore, the study design is highly reactive, such that newly emerging safety issues can be investigated while a study is in progress.
M-PEM studies combine the advantages of conventional PEM studies (in monitoring general safety and identification of unexpected risks of a medicine) with that of a more targeted safety study that addresses specific questions (to better understand known or partially known risks with a medicine). A number of M-PEM studies have been completed and several are ongoing. The results of these studies have been published separately elsewhere or the studies are in process and [19] UK licence extended to treat mild to moderate chronic heart failure subject to supervision of hospital specialist Patient demographics, treatment initiation and supervision, dose titration, severity of heart failure, pre-treatment tests, past medical history, concomitant medication Heart failure subgroup identified by initial eligibility questionnaire [20, 21] Regulatory requirement to monitor introduction of CFC-free inhalers in Europe
Patient demographics, severity of indication, use of oral corticosteroids, spacer devices and other respiratory treatments Event rates compared for specific respiratory event rates (paradoxical bronchospasm) before and after starting CFC-free inhalers Active surveillance postformulation change from metered dose inhaler to CFC-free Evohalersä Identification of off-label use in COPD Travoprost eye drops (1441) [22] Licence Rimonabant (10 011) [24] Anti-obesity drug launched in the UK in 2006 (product withdrawn from market during course of this study)
Patient demographic data, health status (BMI, weight, smoking), past medical and psychiatric history and specific questions on events of depression, anxiety, insomnia and seizures
Comparison of specific psychiatric event rates occurring in the 6 months prior to and after starting treatment Assessment of risk of specific psychiatric/nervous system events of regulatory concern
Varenicline (12 159) [25] Smoking cessation therapy. Regulatory concern over psychiatric events (suicidal ideation)
Demographic data, past and current smoking habit, past medical history, current morbidities and reason for stopping (if stopped)
Focused time-to-event analysis on pre-specified events of interest: myocardial infarction, depression, anxiety, aggression, suicidal ideation and non-fatal self-harm
Characterization of real-life drug use Hypothesis testing on prespecified events of particular concern Atomoxetine (5079) Licensed for treatment of attention-deficit hyperactivity disorder. Regulatory concern over an increased risk of suicidal thinking [26] Demographic data, prescribing patterns, targeted capture of data (both prior to and during usage) on psychiatric events, convulsions, abnormal liver function and selected cardiovascular events
Matched cohort analysis on events of interest
Hypothesis testing on pre-specified events of particular concern BMI = body mass index; CFC = chlorofluorocarbon; COPD = chronic obstructive pulmonary disease. Drug Saf 2011; 34 (12) hence are not repeated here; however, tables I and II provide an overview of the methods used to illustrate the potential applications of M-PEM in the context of pharmacovigilance and risk management. [19] [20] [21] [22] [23] [24] [25] These studies were designed to address specific research questions, including characterization of real-life drug use, adherence to prescribing recommendations or guidelines, and targeted surveillance or analysis of specific events, including those considered to require special monitoring by regulatory authorities. Through M-PEM it is possible to evaluate the safety of a medicine in particular subpopulations (e.g. patients prescribed the medicine by a hospital specialist or after switching from another therapy) or following important changes in the product's lifecycle (e.g. a licensing or formulation change).
Conclusions
PEM is a method of postmarketing surveillance of newly marketed drugs in the 'real-world' conditions of general medical practice. Through careful consideration of ongoing methodological enhancements in the field of pharmacoepidemiology, PEM studies have evolved such that some of the limitations associated with 'standard' PEM have been addressed. The revised M-PEM methodology offers opportunities for a number of additional research applications that can be used to generate signals of potential adverse drug reactions and to further evaluate safety concerns identified by other pharmacovigilance methods. In particular, M-PEM studies provide the opportunity to investigate specific regulatory concerns and should be considered a Hypothesis testing on prespecified events of particular concern in risk management plan EPS = extrapyramidal symptoms; XL = extended release.
valuable tool when developing a Risk Management Plan for the evaluation of the safety a new medicine.
